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We have established long term in vitro cultures of 
human thymic epithelium and human epidermis free of 
contaminating fibroblasts. The cultured cells were ex-
amined using a panel of monoclonal antibodies which 
were raised against human thymic stroma and recognize 
tissue specific differentiation antigens of human epider-
mis and thymic epithelium. A subset of cultured epider-
mal cells (50%) and thymic epithelial cells (18%) ex-
pressed the TE-4 antigen characteristic of basal kera-
tinocytes in skin and endocrine epithelium found in the 
subcapsular cortex and medulla of the thymus. Subpop-
ulations of the cultured cells expressed the antigens 
detected by antibodies TE-8 and TE-15. In tissue sec-
tions antibodies TE-8 and TE-15 bound to the stratum 
granulosum and stratum corneum of skin and to the 
Hassall's bodies of thymus, and therefore recognize an-
tigens characteristic of late stages of keratinized epithe-
lial differentiation. In addition, a subset of thymic epi-
thelial cells expressed the antigen detected by antibody 
TE-3 which is expressed by nonendocrine thymic 
epithelium found in the thymic cortex. Thus, in vitro 
cultures of both epidermal and thymic epithelial cells 
expressed the entire array of differentiation antigens 
detected by our panel of monoclonal antibodies. This 
approach can be used to evaluate the role of components 
of the thymic microenvironment at various stages of 
differentiation on developing T lymphocytes. In addi-
tion, the cultured epidermal cells can be used to evaluate 
epidermis as a site of extrathymic T cell maturation. 
Although transit through the thymus is an obligatory step in 
the generation of immunocompetent T lymphocytes, evidence 
for extrathymic maturation ofT lymphocytes has been reported 
[1). The idea that skin might represent a site of extrathymic 
lymphoid maturation was suggested by Fichtelius [2) and has 
been reviewed by Streilein [3]. Both t hymus and skin are 
examples of keratinizing epithelia. They share expression of 
certain cytoplasmic as well as surface antigens including kera-
tins [ 4,5] and antigens detected by sera from patients with 
autoimmune diseases such as pemphigus and myasthenia gravis 
[6-8) and by sera from bone marrow transplant recipients [9). 
Using human thymus tissue as immunogen, we have raised a 
panel of monoclonal antibodies which define distinct com part-
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ments of the human thymic microenvironment [10- 14) (Fig 
lA). These antibodies also bind to human epidermis in patterns 
which indicate that they identify antigens whose expression is 
altered during epithelial maturation (Fig 1B). 
In addition to shared expression of antigens, functional sim-
ilarities between thymus and skin have been reported. Chu et 
a! demonstrated production of the thymus factor thymopoietin 
by cultured epidermal keratinocytes [15) . Using a polyclonal 
rabbit antiserum to the thymic factor thymulin, Kato et a! 
reported the presence of thymulin in tissue sections of t hymus 
and skin, as well as several other epithelial t issues [16) . How-
ever, Savino et a! have reported using monoclonal antibodies 
that thymulin is restricted to the thymus [17). Rubenfeld eta] 
reported that supernatants from epidermal cell cultures were 
able to induce undifferentiated murine bone marrow cel ls and 
human T cells to express terminal deoxynucleotidyl transfer-
ase, an early marker ofT cell differentiation [18). The migra -
tion of malignant T cells to the skin in cutaneous T cell 
lymphoma is well documented [19,20]. Differences in surface 
phenotype of the malignant cells found in skin from the phe-
notype of the circulating malignant cells suggest that skin 
might promote phenotypic changes in circulating T cells which 
home to the skin [21). Recently a Thy-1 positive dendritic cell 
has been reported in mouse epidermis (22-24]. No functional 
activity has yet been ascribed to this new cell type but it has 
been suggested that t he Thy-1 positive dendritic epidermal 
cells may be similar to natural killer cells or that they might 
represent a cell of T cell lineage, perhaps migrating through 
the epidermis [25-27]. 
In reviewing the evidence for an immunologic function for 
skin , Streilein proposed that there is a migration of lympho-
cytes from blood to skin and back representing a skin-associ-
ated lymphoid tissue (SALT) (3]. The existence of SALT 
implies that in addition to the antigen driven lymphopoietic 
inductive microenvironment present in the skin, an antigen 
independent inductive microenvironment is present which pro-
motes T lymphocyte differentiation. 
As part of our effort to understand the relationship between 
developing T lymphocytes and the epithelial microenviron-
ments of the thymus and skin, we have established long term 
cu ltures of epithelial cells from both tissue types egsentially 
free of contaminating fibrob lasts [28]. We have developed 
monoclonal reagents which recognize distinct compartments of 
the epithelial microenvironment of both tissues (11] and report 
here a comparison of in vitro expression of epithelial differen-
tiation antigens by cu ltures of thymic epithelium and epidermis. 
MATERIALS AND METHODS 
Cell Cu.ltu.res 
Thymic t issue was obtained from children (aged 5 months- 14 years) 
undergoing median sternotomy for cardiac surgery. Thymic cell cul-
tures were init iated by an explant technique as previously described 
[28]. Epidermal cell cultures were initiated from neonatal human 
foreskin as previously described [29,30]. Epithelial cultures were main-
tained in enriched culture medium consisting of a 3:1 (v/ v) mixture of 
Dulbecco's Modified Eagle's Medium (DME, Gibco Labs, Grand Island, 
New York) and Ham's Fl2 nutrient mixture (GIBCO) with final 
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concentrations of the following supplements: 5% fetal calf serum 
(G IBCO); 0.4 llg/m l hydrocortisone (Calbiochem-Behring, LaJolla , 
California); 20 ng/ml epidermal growth factor (Collaborative Research , 
Waltha m, Massachusetts); 10- 10 M cholera enterotoxin (Schwarz-
Mann , Orangeburg, New Jersey); 5 llg/ ml insulin (Sigma, St. Louis, 
Missouri) ; 1.8 X w-• M adenine (Sigma); 100 U/m l penicillin, 100 llg/ 
ml streptomycin a nd 0.25 llg/ ml amphotericin B (GIBCO). 
Monoclonal Antibodies 
The techniques used for production , propagation , and screening of 
murine hybridomas have been described elsewhere [31]. Binding pat-
THYMUS 
SKIN 
FIG 1. Schematic diagram of binding of monoclonal antibodies to 4 
!l frozen section of (A) human thymus, (B) human skin. 
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terns of individual antibodies on thymus a nd sk in a re described in Fig 
1. Antibody TE-7, raised to thymic stroma, defines mesodermal-derived 
thymic fibrous st roma, which does not co nta in thymosin .. 1, keratin or 
Class !I major histocompat ibility complex (MHC) a ntigens, and only 
wea kly expresses Class I MHC antigens [10,12]. In human skin sections 
TE-7 binds to dermal components. TE-7 binds to cultured human 
fibroblasts. Antigens identified by antibodies TE-4 and BBTECS are 
present on endoc rine thymic ep ithelium found in two dist inct regions 
of the thymus, the subcapsular cortex (SCC) a nd t he medulla [10,12] . 
Endocrine thymic epithelium contains thymosin., 1, keratin and in vivo 
expresses Class I and II MH C a ntigens. In the skin, antibody TE-
4 binds to the basal layer, while antibody BBTECS binds both t he 
basal layer and granulosa layer. An additional subset of thymic epithe-
lium, defined by antibody TE-3, is found primarily in the thymic cortex 
although a small subset of TE-3+ cells are present in the SCC 
[10,13]. No binding of TE-3 antibody was detected on human skin 
sections. Antibodies TE-8 and TE-15 selectively bind to Hassall's 
bodies, the epithelial swirl within the medulla of human thymus, and 
to the stratum granulosum and stratum corneum, respectively in skin 
[10,14). Regarding these reagents as markers of thymic epithelial cell 
differentiation, we have previously presented data suggesting that 
within t he thymus BBTECS+, TE-4+ epithelial cells encircle to form 
BBTECS+, TE-8+, TE-15+ Hassall's bodies [ll) . Antibody AE1 which 
identifies a family of human keratins [32) was the generous gift of Dr. 
Tung-Tien Sun, New York University , New York, New York. 
Immunofluorescence 
Antigen expression was evaluated by indirect immunofluorescence 
using acetone-fixed cytocentrifuge cell preparations as previously de-
scribed [33]. In some cases a modification of the epidermal whole 
mount procedure [34] was used. In these experiments stratified epider-
mal cultures were removed in a sheet from t he culture dish, gently 
separated into pieces approximately 4 mm2 and fixed in acetone. The 
fixed tissue was incubated overnight at 4 ·c with monoclonal reagent, 
washed thoroughly, and incubated for 1 h at room temperature with a 
saturating amount of 11uorescein-conjugated goat antimouse immuno-
globulin. Following thorough washing, t he tissues were mounted in 
30% glycerol in phosphate buffered saline (PBS) (v/v) under a coverslip 
on a glass slide and examined with a Nikon Optiphot lluorescence 
microscope. 
RESULTS 
In Vitro Growth Patterns of Epithelial Cells 
Growth patterns of epidermal cultures were similar to t hose 
reported previously [30]. Trypsinized foreskin cells plated at 1 
X 104 cells per cm2 formed confluent cultures within 10- 14 days 
(F ig 2A) . They could be subcultured repeatedly and retrieved 
from liquid nitrogen. Passage at low density ( <2 X 103 cells per 
cm2 ) required use of a mitomycin-C treated 3T3 feeder layer. 
Contamination by dermal fibroblasts was minimal and did not 
present problems for cultivation of epidermal cells. Growth 
patterns of thymic epithelial cells were more variable. By 3-10 
days an epithelial outgrowth was apparent around the edges of 
the explant and was followed closely by the appearance of 
fibroblasts. After 10- 14 days, the pieces of tissue were removed 
from the dishes and discarded. By 2-4 weeks most cultures 
FIG 2. Phase contrast photomicro-
graphs of conl1uent epithelial cultures, 
(A) human neonatal foreskin epidermal 
cells, (B) human thymic epithelial cells 
(X 100). 
July 1985 PHENOTYPIC CHARACTERIZATION OF CULTURED SKIN AND THYMIC EPITHELIUM 69s 
formed monolayers over 50- 70% of the surface of t he dish (55 
cm2 ) (Fig 2B). Although they were largely epit helia l, t hese 
monolayers also contai ned cells of fibroblastoid morphology. 
Indirect immunofluorescence studies us ing the TE-7 antibody 
which binds to fibroblasts but not to epithelial cells, indicated 
the presence of fibrob lasts. In contrast to t he ep idermal cul-
t ures, t he t hym ic ep ithelia l cult ures were highly susceptible to 
overgrowth by fibrob lasts. Repeated treatment of t he cult ures 
FIG 3. Binding of antikeratin antibody AE1 to human thym ic epi-
thelial cells cul tured in the absence of mouse 3T3 feeder cells (X 400) . 
with 0.02% ethylenediamine tetraacetic acid (EDTA) in PBS 
to remove fibroblasts, coupled with subcultivation onto 3T3 
feeder layers resulted in cultures which were >90% positive for 
markers of epit helia l cells (AE1, BBTECS) and <5 % positive 
for t he fibroblast marker TE-7 [28]. Like epidermal cells, 
thymic epit helial ce lls cou ld be subcul t ivated at low density 
(< 1 X lOa cells per cm2) on ly in t he presence of a 3T3 feeder 
layer. Thymic epithelial cells cul tured at high density {1-5 x 
104 cell s per cm2) in the absence of 3T3 cells developed a more 
elongated morphology but cont inued to express epithelial an -
tigens AE1 and BBTECS (Fig 3). The lifetime in cu lture of 
t hymic epit helial cells was variable ranging from 1-6 months. 
EpitheliaL cells from 1 t hymus were subcultured 7 times for 
approximately 40 population doublings over a period of 6 
months. The epit helial nature of t he thymic cells was confirmed 
ul trastructurally by t he presence of tonofi laments and desmo-
somes [28]. 
TABLE I. Phenotypic characterization of cultured epithelial cells 
Antibody 
TE-4 
BBTECS 
TE-3 
TE-8 
TE-15 
% Cells pos itive 
Thymic 
epithel ial 
ce lls 
18 ± 2 
85 ± 13 
60 ± 20 
15 ± 5 
60 ± 38 
Epidermal 
cells 
50± 20 
83 ± 15 
4±2 
65 ± 15 
70 ± 15 
FIG 4. Binding of monoclonal antibodies to epidermal cells. (A-C) Epidermal cell cultures were processed as described in Materials and 
Methods for whole mount technique. Fragments of stratified cultures were incubated with (A) TE-4 antibody, (B) TE-8 antibody, (C) TE-15 
antibody. After being washed thoroughly, the tissue was incubated with fluorescein conjugated anti-immunoglobulin. (D-F) Freshly trypsinized 
human neonatal foreskin cells were incubated with (D) AE1 antibody, (E) TE-8 antibody, (F) TE-15 antibody. After they were washed 
thoroughly, the cells were incubated with fluorescein conjugated anti-immunoglobulin (x 400). 
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Phenotypic Characterization of Cultured Epithelial Cells 
Using indirect immunoflu orescence, cul t ured t hymic epit he-
lia l cells were phenotyp ically characterized wit h our panel of 
monoclonal ant ibodies which reacted in whole t issue sections 
with t hymic epit helium and epidermal keratinocytes. Table I 
sum marizes these results. An t ibody TE-4 bound 18 ± 2% of 
t he cul tured t hymic epit helia l cells. An tibody TE-3 bound to 
60 ± 20% of cul t ured t hymic ep it he lia l cell s. An t ibodies T E-8 
and TE-15 bound to 15 ± 5% a nd 60 ± 38% respectively, of 
t he cult u red t hymic epit helial cells. E ighty-five percent of cells 
expressed t he BBT ECS a nt igen and mo re t ha n 75% contained 
keratin as detected by a nt ibody AE1 (data not shown ). The 
cells of fib roblasto id morphology, isolated by t heir loss of 
ad hesion in t he presence of E DTA, did not bind ant ibodies 
TE-3, TE-4, TE-8, TE-15, AE1, or BBTECS (data not shown ); 
however, >80% of t he fi broblasto id cells bound a nt ibody TE-7 
(data not shown). 
T hese resul ts we re compared wit h binding of t he an tibodies 
to cu ltured human foreskin epidermal cells (T able 1). 50 ± 20% 
of cul tured huma n epidermal cells reacted wit h a nt ibody T E-4. 
As would be expected from t he fact that T E-3 d id not b ind to 
hu ma n skin sections less t han 5% of t he cult ured epiderma l 
cells expressed TE-3'. 65 ± 15% of ep idermal cell s expressed 
antigen TE-8, while 70 ± 15% expressed TE-15. 85% of t he 
cul t ured ep iderma l cells expressed t he BBT ECS an tigen as well 
as AE1 (data not shown). Of our panel of reagents, only T E-7 
reacted wit h hu man skin fibroblasts (data not shown). All cells 
were nonreactive wit h ascites fl uid from the P3x63/Ag8 mye-
loma which was used as a cont rol. 
Express ion of a nt ige n detected by antibodies TE-4, T E-8 
and TE-15 varies wit hin t he layers of stratified epidermis (Fig 
1). It was of in terest to us to determine if t his variable expres-
sion was retained wit hin t he laye rs of a stratified cult ure of 
epidermal cells. Cul tured epidermal keratinocytes which, by 
phase con t rast microscopy, exhibi ted a high degree of stratifi -
cation we re examined by immunofluorescence (Fig 4). TE-4 
was exp ressed on small keratinocytes located in t he layer of 
cells closest to t he p lastic substratum (Fig 4A ). TE-8 bound to 
squamous cells higher up in t he stratified port ions of t he cul ture 
(Fig 48) . TE-15 showed a gra nular pattern of binding in t he 
la rge cells found in t he uppermost port ion of areas of stratifi-
cation (Fig 4C). T hese patterns were compared to t he binding 
of a nt ibodies AE1, T E-8 and T E- 15 to cells from freshly 
t rypsinized neonatal human fo reskins. As can be seen in Fig 4 
D- F, ant ibody AE -1 bound to small cells of more rounded 
shape, presumably basal cells (Fig 4D) while TE-8 (Fig 4E) 
a nd TE-15 (F ig 4F) bound to cells which, despite t rypsinization , 
retained t heir squamous shape. TE-15 again demonstrat ed a 
ve ry granular pattern of binding. 
DISCUSSION 
Much specul ation has centered around t he skin as a potent ial 
site for extrathymic maturation of T lymphocytes [2,3]. In 
order to develop models to study t he in teractive relationship of 
maturing T lymphocytes wit h t hese 2 types of keratinizing 
ep it helia, we have established long term cul tures of both t hymic 
a nd epidermal keratinocytes. We demonstrated t he following 
simila rities between epidermis and thymic epit helium cult i-
vated in vit ro. Both cell types exhibited simila r growth pat terns 
and morphology. At low plating dens it ies (< 1 x 10J cells per 
cm2), both we re dependent upon t he presence of a feeder layer 
(mi tomycin-C t reated mouse 3T 3 fibroblasts) . Both cell types 
exp ressed ep idermal growth factor receptors (S inger, unpub-
lished resul ts) and t heir growth was stimulated in t he presence 
of 20 J.Lg/ml epidermal growth factor . We have previously de-
veloped a panel of monoclonal reagents which identi fy tissue-
specific di fferen t iation ant igens [10- 14]. Those ant ibodies were 
used to determine t hat both epiderm al cells and t hymic epit he-
lia l cells diffe rent iated in t he cul ture system used. The function 
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of epit helia l cells wit h regard to matu ration of T lymphocytes 
may relate to t heir st age of di fferent iation. Thus, t he ability to 
culture epi t helia l components of t he t hymus and skin will a llow 
study of t he ability of subsets of both t hymic epit helium a nd 
epidermis at various stages of diffe rentiation t o interact wit h 
T lymphocytes and part icipate in t he maturation of immuno-
competent T lymphocytes. 
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Tien Sun , New York University. We are grateful to Richard M. Scearce 
for expert technical assistance, and to Ms. J oyce Lowery and Ms. Kim 
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